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��x )~A&� }��. � ��i��( (�� �.�-.  

     ���	
 7	��M� ����- ���. ��q ��	�7% �- �,�� �-

 ul��, �����-�b � $��:	
7� +�
 ���- �9��D� ���1�
�(

    W��. ��	 (��,� h�N � ��	
 ��
 �� ����������	
�

   �� 
��	�� � �@* $	�
�()  $�% ���    ����-�b ������

   ��.�- �
�( �
 \��- j���:% 
( $�d&V ��8��(  ��- )  ��?�

$%  ��8�� ���-�b �- �
�( �	� ��	
 $	�
�( E��.� ��


�.�- �
��x 
��	�� � �@* W�. �-.  

$% ��	
 $���
 �
�( 
( �� �(��% ��B, ��  �&����

  �7��% )�	
 s�L% � [�
q ��- �	(7� j�B� (�M	� �-

$% )�&1( ^	�72� �
 �
�( ul,   ��D	� (���% �- ���  

  ��
��&� )
���  )������ �` $9D`  � [�A8��� ����

 $���� �B�������) ����� W���&	� W����%- ������ �����8�% (  

)Poly methyl vinyl ether-alt-maleic acid  ���	

PMVEMA ( (�B� �
�.�)24.(  

    ���6� )g��O ��	� h��M�� �� X�1     W�-�b h��2 ��	 �

      ��- ��@* 
(��� [
��V ��- ����������	
� �� z�@&���

  �����	
� �� ��&�	�
( 7	�2 � �&�	�
( ��p�� m	�O ������

$% (�. $:	
7� h�2 �	7i	�, �����- �� �.�- .   ��	� ����-

  ��
�( ��� ����������	
� ���' [�
q ����% ���-� )
�?&%

  �� �(�A���� �- ~p� � ��6� )�&�D1 $9D` �D	� ���-�b

    ���8�� ����- h����% (��%DPI      W�-�b ��@* 
(��� ��-

 z�@&���)  �(���F% ��-  ������ � � �
q �  ��5 -1   �����%

 �6,�� �	
 mBN 
( $&�@� ($% W	�9� ���..  

  

��� 	
  

����  

 ����������	
�)
����� ����D��()     ���� W��&	� W���% $��

���� ���8�%) ��8�1��)  �����%)    W������ $�D��
��1

 �� �	��D�(����� �A8 Sigma Aldrich- USA  $��� )

  E������	T� ���������4000   �� ������� W������� �( �  

Merck Schuchardt –Germany  j��2 � [�A8��� 

�
�(��
 ��- ���	(�� �
��	�* ��	�.  
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      ��	�
( ��p��� ��i���( �� �(�A���� ��- $b�@&��� 
(��

)Swiss- 290-BUCHI Mini Spray Dryer B ( ��6�

�. . >�?&� �	� [
�V �- �	�
( ��p�� ��i��( w	��.

�������. : 
�����p��������80  �������B� )�������V
(   

5  �(�
� ��%( )�V
(54 �,
(  $����� �    ���%( )(����

 $,��*34 �,
( $���� �     ��. ��p��� �N��� )(���

 E��F%ml/min 2  
�����p�� �N�� �hr/3m 5/32 (�-.  

 )��. $'��O ���\�%�2 j��� �-30  $���%   h���

 CD` �D	� �B���)      ����8�% ���� W��&	� W���% $���

������� ( �3/53 $�����%  �����&	�72� h�����  ul���, �  

)2-�	��D�(����� �A8  W����� $D��
��1 ( h��� �1

 
( ���������,100 $����  ������. W���' u  $���� .  

4/1833 $����%   ��8���1�� h����)   W��%�' ����&N ���-

�����\�%�2 ( 
( 7����100 $��� ���. W��' u  $��� .

E��F%    $	��6� E���F% � ���. �2�x� >1 �- z�2 ��1

�. ��p�� �	�
( ��p�� ��i��( 
( . n�B, 
(��  �
� 

   �
�B�. ^�% ��- �8� �� ��.  �40    � ��. �(�( 
��9N

�	(�� �
��6i� 
������( W*�(.  

~p�50 $��%  E����� ����� $�� �� h��4000 )  ��-

��������	��� ��&N ( � ��L	
 �8�- �	 
(5 $�  $�

  W�' �� �. �2�x�   �- ����������	
� $�-  E��F% ��

(�. . ��%( �- 
7	�2 W*�( z�2 E��F%80–  ��,
(  �

$������  [���% ���- (�����24  ���� ���. ����.�l� �N����  

 (���. ���BM&% .     ���	�
( 7��	�2 ��i����( ���- ~p���  

)Germany –LD Plus 4-2CHRIST Alpha ( WV�

�	  ��( �- �@* 
(�� �� �. .  ���%  ��( �- 
(��

�
�B. KL@% ^% �- �8� ��  �40   � ��. �(�( 
�9N

�	(�� �
��6i� E�fL	 
( 
������( W*�( .  ��- h�\

 ��q �	� ����������	
� (�� ��
( 7	�2 ��N �� ���

   ���.�( 
����*� 
( � (�- �B�b ��� W�8( �- �� (�-

$B� )�
�( >� 
��:%  �	�
( ��p�� ��i��( 
( �
   �.

(�B� �@* . � �. �@* ��
( 7	�2 
( ���-� �	��-�&-

�	(�� s��L% ��. ��p�� 
(�� �- ~p�.  

  ��p��� 
(��� )(�� s��L% �6, ��
(   � ���.

  �9�D� �- ��. ��
( 7	�24   ��-1     E��	� ��	 W�*�(

�@�.     HI�� ��
 ��@�. ������Z �- � �. ��L	
 ��

 ����. s��L% >1 �- �1
(�� )$:2� .   �� ��&�BO� ����-

    ��1
(�� �� $��	 
( sT��*� $�*��&�	)   7�	�2 
(���

��. ��
( (�. �(�A��� $��
�* ��
 $B� 
��:%.  

������ ��� 	 ��! �  ���� ��"�� ���� ����#  

������ �
q � ��      W���� 
( (��� ���&���� �� ~�� 
(��

 )[�������� ��i��( w���-   
�8��% 
7	�����)UK- 

Malvern Instrumental- 3600 ZEN- Zetasizer (

������ �. ����.  

��# ��� ���� ���� �� ���� ���$� ��� 	  

 ���6� 
(�� 
( �
�( $�*��&�	 �� �&�BO� �6,   )���.

�����B� ����  �10 $����%  �� $O����L% ���� 
(���� h���� 

2 $��%  � ��. ��
( 7	�2 
(�� h��8 $��%    
(��� h���

 $�% 
�?��� � (�- ��. ��
( ��p��     ����' ��� ��2


840   ����� �� �(�A����� +�
 ���- )���.�- �
�( ���'��

 ����������	
� ��7	\�)Erythropoietin ELISA-IBL 

INTERNATIONAL-Germany (�. 
��:% ���d�.  

 ����% &� '�(�  

3  ����6�� �- [
 $	��  $9	�:� ��1250   ����- h��

�. ��2�� �?� 
( �d8�I% �	� .   $�A&% �1��. ���� �	

)��&&� �2�	
( ����  �
�( ��b�2 
(�� �(   ����� ��	 )

 �9a% �1�.)��&&� �2�	
(    ����, ��	� m	
7� h�2 �

�
�( $8�Bd% E��F% (   ��&&� ��2�	
( ����� �	 ��  �

��(�- ��. ��6� �
(�� ��
�( $b�@&���.  
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[
 �- �1  �	�*q �. �� �6,  )�16  W9b ��


    �7��% ��- [������' �- �
�( 7	�M� ��1   �� ��V
(

$% �� $	�lZ   ��. �(�( ����� [
�V �- �1  )��(
�*

)25 .(        (���' ������
 [
 ��1 ��� ��	� ��- ��,�� �-  

25 $% X�Y% �lZ h��  �	�- ~� )(��250  ���%$   h���

  $	�lZ >	�
 �- [�A8�� j��2 $% �2�x� �1 �..  

      ^	��%�  ��	� 
( ��� $��A8��� j���2 t�b �1

 ���' )�. �(�A���150 $��%  (�- [�A8�� j��2 h��

 E(�d% )t�b �1 �� �220 $��% (�- h�� .  ��	�- ~�

375 $��% t�b �� h��   $�% �	���� �1     ����' ��� ��.  

250 $��% �.�- [�A8�� j��2 h�� .375 $��%  �� h��

 
( � �	��� )[�A8�� j��2 t�b 
(��3  $��   $��

 u��� �&	��2 � ���� �	 w��� � �. ��&���� u 

 [�% �- ����� [
�V �-6   ��. �(�( ����' �- ��
 .  

6   [
 �� h���� ��1 )�1  7	�M� �� �d- ��
   �
�( )��1

��(�� �2�	
(.  

 [
 �1 
( E�Bd��� 
�- �1 ���- �� �
�( �� ���(

� 
( )(�- ��. ��2�� �?840 (�- �'�� .   �1��. �����

 �9a%200  �
�( E��F% ���8����%) E(�d%840   ��'��

�
�( ( $8�Bd% E��F% ���, �	� m	
7� [
�V �- �


��(�� �2�	
( �
�( . �� $A&% �1�. ����5 $��%   h���

 �i	( ���� � ��(�� �2�	
( �
�( �b�2 $b�@&��� 
(��

 7����5 $����%  ���@&��� 
(���� h���� �
 �
�( �����' $b  

��(�� �2�	
(.  

 �� ������� ���� )�* ��� 
��&�  

5 $��% �?AF% W*�( �?� (
�% 
(�� �� h��   $	����-� �

�. ��L	
 u��� �&	��2 �	 . �- u��� �&	��2 ~p�

       \��- $�YL@% ���, ���   ���D�� ��� ���� �	

�. WY�% )(�- ��. ���@� .   W�*�( ���� w��� ���'

$- 
������(    m�	�O �� u���� �&	��2 � �	(�� +�1

�. ���' ��� ����-� (
�� �1( .    ��- ����� ���D��

   ������F% ���� ���. �(�( 
��@2 ��	���� ���- �����' ��	

(�. ���' ��� (
�� u��� �&	��2 . �� �&�BO� �6,

���L�      �	��d� ����� )����' ���� �- 
(�� W%�� �

�. (
�� ���' ��� �- 
�@2 �- ��1 �i	( 
�- � ��..  

 ������1��
 
(0 )1 )4  �7  +
�B����. �����6,

����8����
 �.�� �� �1 [
 >@` � �* �1  �- ����

�%  WBN . (��'1 $�   n�B, [
 ��* �� $�  �
� 

����8����
 +
�B. �6, � �.  h\ �� �(�A��� �- �1

�	(�� W:�&% ��i@	�%�  �- ��%�����B1.   

  

���	 	
  

������ ���d� �	��� �
q �  ��
�( 
���:% � ��    ���. 
��-

 
(10 $��%  ��. ��6� 
(�� �� h���� (�( �@�   ��V
(

 ����
���- $	�
���� �
�(±  
����d% X����F��)���V
( (  

50/13 ± 02/62  
( � w��������%�����������  ��
q ��   

50  �V
(±  
��d% X��F��20/2 ± 30/8  ��%����%(�-.  

 +,# ��1 ����8����
 ^	�72� �V
(  �� ~� �1

 $b�@&��� 7	�M�840 �'��  
(�� h�2 �- ����������	
�

   $��:	
7� E����F% ���- ����. ��
( ��p���� $b���@&���

��� ��. �D	�:%   $8�Bd% . ����� ��-    �1��. ���1

  $�:	
7� ����������	
� )$A&%)Eryth (  ����\�%�2 �

$&d% XT�*� v�1 )$b�@&���  ��1��
 
( �
�%  
�(0 

 �1 �@� ��1�@% 7	�M� �� �d-.  

 ��
 
(4 � �� �1 ��-$&d% XT�*� ���  (�,� 
�(

  ������8����
 (����d� ���� ����F� ���- P���.�(  
( ���1

   ��- $b��@&��� ���\�%�201/0 < P   �����������	
� ��

 �- � $:	
7�001/0 < P   (��- ���@�- $A&% �1�. �� . 
(

      �1��. � �����������	
� ����� ���- ���&fB1 )��
 �	�

$&d% XT�*� 7�� $A&%  �- 
�(01/0 < P  ��1�@%�	(��.  
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 +,#1 .�/��$� 0���'�,�	� 1��23� �4�� �  ������� 2��5	 �� 6� �7840  ��"�� ������� ���� ;�3 �< ������������� �%��  

=> '�* � $��2	 )�?@� �� ��# ����  

  

 ��
 
(7  ��
 �-���@% �	����� 7����4  ���	� ���- P(���-

   ��- $b��@&��� ���\�%�2 XT�*� �� �`�� [��A�

      ���- $��A&% �1���. � ������������	
� ������ �( ���1  

001/0 < P $&d% (�- 
�(.  

  

���  

 >��D����% ��
�( ���	
   $N���2( ����1  W��a% $��A��L%

����� �
����������% ~�������� ���	 ����������2  �� ����

$% (�* �� ���- �- �
 ��. (
�� [�
q   m	�O ��
�. 

�	��-�&-)       ��- $�&������ ��	 �����p� ���1�
�( �� $�b�

����% �� �(�A���  ����. �8�%�2 W%�' ��&N �- [�
q) 

>D����% �	� �k� ��dx $D������ ��1   $�% ���   � (��.


�� ul,     ���D1  $���%
( ��k� � ����%    W�V�' ����

$% (�.. �d8�I% 
( )��N ��B1 �-   +�
 ��- �x�' �

   ��- h���b� )W%�' 
(�� �� �(�A��� �- � �&�	�
( ��p��

��6�  ������� �- ����������	
� $b�@&��� 
(�� � �
q �  ��

�	(�� $�����%.  

   � $2��@&��� ��
�( ��	l�� �	�, ^	�72� �6,

    �����
��b � �8��6&	� �� �
�( ^�1
 ^	�72� �6, 7��

�BDb 
( �
�(    
(��� ��	 �� �(�A��� )�	
 m�BN ��1

$% �
��x W%�'  ��.�- .     W�%�' (�7�2� )��T�N ��-

 �(�A��� �8�6� � $b�@&��� 
(�� >M' ^	�72� eN�-

$% 7�� (�. .      w���� ��� ���� $���p�D�� ��6&� ����\

FDA )Food and drug administration ( �����-

$- ��pD�� �	 �` )��� ��. ��	�� z�@&���   )��I*

 
(  [������V�Y* �����?� �� 
������	�� � j�������(

  ���1�
�( �� �(�	� (��d� �- 
����� � $	��B�.��	7�2

 ��� ��	�� $8��8�% �� �-)26.(  

��pD�� �� �(�	� (��d� )(�,� �	� �-   $�	�
�( ��1

 ���6� ���- �� �&�D1     $b��@&��� ��@* ���1
(�� �

$% �?� �- C��&% �&�
 . X�Y% �� W%�' �	 ��8�1��


�( �d&V 
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(
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   $����D�-�����i�1 ����@�- ^1���� e��N�- ��8���1��

$��%  (���.)26 .( ��8���1�� W��%�' �� )���d8�I% ���	� 
(

 )
(�� [��V�Y* ��
 �-   �k� � ��� ��. �(�A���

��� ��2�� 
��b $�
�- (
�%.  

����&	�72� �� �(�A�����   (���96- ���6, ul��, ����1

$�G	� �� � �1���p� ul, ��1�����   ���V�� 
T� ��1

��� ��. .��&	�72� �� �
�B. )��.l� 
(   ul�, ��1

 W����9b ��Saturated polyglycolyzed glyceride )

Trihydroxy bile salt )Hyaluronic acid )

Taurocholate )Fatty acid )Cyclodextrin )

Surfactant  �Glycyrrhizinic acid   ^	�7��2� �����-

�2 _��� � $-����( �D	� �1���p� W�9b �	� ��%�&	(���%


������� �	     ������ $�D�� � ��8��D�� W�9b �� $��%
( ��1

   ������ �����. �(�A������)27 .(  �� ����d8�I% ����	� 
(

  �����������	
� ��	
 ul, ^	�72� ���- �	��D�(�����

��� ��. �(�A��� $b�@&��� �@* 
(�� ��.  

Shao �
��������B1 � )28 (�������� �������9a% ��k

�	��D�(�����  �
 �1   ���&	�72� ���&N ��-    ul�, ���1

 +
�7� �	� C���� �- ��8�D�� ��	
��(��:  W��% �(

 �	�����D�(����� �����-< �	�����D�(����� ����A8  < 

�	������D�(�������- < �	������D�(����� �����%�� < 

�	��D�(����� ��- W����� $D��
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Enhancement of Reticulocytes Count 
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Abstract 
Background: In patients with renal failure, frequent use of erythropoietin is necessary for long times 
due to serious anemia. The aim of the present study was production of an inhalable dry powder of 
erythropoietin and comparison it with its parenteral form in erythrocytes count enhancement.  

Methods: The inhalable powder was prepared using spray-drying of the mixture of poly (methyl-vinyl 
ether-maleic anhydride), 2-hydroxy propyl-alpha-cyclodextrin and terhalose. The freeze-dried aqueous 
solution of erythropoietin was mixed with the spray-dried powder in 1:4 ratio. The particle size and 
drug content uniformity were determined in the final dried powder. There were 3 groups of rats each 
containing 6 animals. One group received 840 IU as subcutaneous (sc) injection of regular solution of 
the drug. The other was treated with blank pulmonary powder and the last group with 840 IU of the 
spray dried pulmonary powder. Six days before starting the treatment, all animals were fed with 1 % 
(w/w) ferrous sulfate as gavage. Blood sampling was carried out from eye retro-orbital vein at 0, 1, 4 
and 7 days after treatment and the reticulocytes were counted by hemocytometer. 

Findings: There was not any significant difference between control, inhalable and parenteral groups at 
days of 0 and 1 after administration. At the day 4, there was significant difference between all three 
groups and reticulocytes count was higher in the inhalable group than the parenteral (P < 0.001) and 
the control groups (P < 0.010). At the 7th day, the results were similar to the 4th day but the 
reticulocytes count of ininhalable group was significantly higher than the control and parenteral 
groups (P < 0.001 for both). 

Conclusion: The spray-dried inhalable powder of erythropoietin was more effective than 
subcutaneous injection form in enhancing the reticulocytes count for a longer time and may be a good 
replacement for the parenteral form of this drug. 

Keywords: Erythropoietin, Reticulocyte, Pulmonary drug delivery, Chronic renal failure 
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